Abstract. The caldera-forming eruption of the Aniakchak volcano in the Aleutian Range on the Alaskan Peninsula at 3.6 cal kyr BP was one of the largest Holocene eruptions worldwide. The resulting ash is found as a visible sediment layer in several Alaskan sites and as a cryptotephra on Newfoundland and Greenland. This large geographic distribution, combined with the fact that the eruption is relatively well constrained in time using radiocarbon dating of lake sediments and annual layer counts in ice cores, makes it an excellent stratigraphic marker for dating and correlating midlate Holocene sediment and paleoclimate records. This study presents the outcome of a targeted search for the Aniakchak tephra in a marine sediment core from the Arctic Ocean, namely Core SWERUS-L2-2-PC1 (2PC), raised from 57 m water depth in Herald Canyon, western Chukchi Sea. High concentrations of tephra shards, with a geochemical signature matching that of Aniakchak ash, were observed across a more than 1.5 m long sediment sequence. Since the primary input of volcanic ash is through atmospheric transport, and assuming that bioturbation can account for mixing up to ca. 10 cm of the marine sediment deposited at the coring site, the broad signal is interpreted as sustained reworking at the sediment source input. The isochron is therefore placed at the base of the sudden increase in tephra concentrations rather than at the maximum concentration. This interpretation of major reworking is strengthened by analysis of grain size distribution which points to ice rafting as an important secondary transport mechanism of volcanic ash. Combined with radiocarbon dates on mollusks in the same sediment core, the volcanic marker is used to calculate a marine radiocarbon reservoir age offset R = 477 ± 60 years. This relatively high value may be explained by the major influence of typically "carbon-old" Pacific waters, and it agrees well with recent estimates of R along the northwest Alaskan coast, possibly indicating stable oceanographic conditions during the second half of the Holocene. Our use of a volcanic absolute age marker to obtain the marine reservoir age offset is the first of its kind in the Arctic Ocean and provides an important framework for improving chronologies and correlating marine sediment archives in this region. Core 2PC has a high sediment accumulation rate averaging 200 cm kyr −1 throughout the last 4000 years, and the chronology presented here provides a solid base for high-resolution reconstructions of late Holocene climate and ocean variability in the Chukchi Sea.
Introduction
The Arctic is currently in a state of rapid transition as a result of its sensitivity and amplified response to ongoing global climate warming (Johannessen et al., 2004; Screen and Simmonds, 2010; Serreze and Barry, 2011) . The last few decades have seen increased freshwater input to the Arctic Ocean from rivers (Peterson et al., 2006) , mass loss of glaciers and ice caps (Gardner et al., 2011) , and, most notably, a dramatic loss of sea-ice cover (Cavalieri and Parkinson, 2012; Stroeve et al., 2014) . The observed sea-ice loss is most pronounced in the western Arctic Ocean, i.e., in the Chukchi and Beaufort seas (Comiso, 2002) . To put the observed changes in perspective, there is a strong need to investigate longer records of climatic and oceanographic variability from natural archives such as sediment cores. It is essential for this purpose to establish an accurate chronological framework that will allow correlation to other marine and terrestrial records and determine rates of change as well as leads and lags in the climate system. Besides the use of lead and cesium isotope dating for the most recent sediments, the standard approach for determining age and accumulation rates in Holocene sediments is the analysis of radiocarbon ( 14 C) content (Walker, 2005) . The use of this method in the marine realm is complicated because of the spatial and temporal variability in the marine 14 C reservoir age (R) (Reimer and Reimer, 2001 ). The reservoir age R is a global average and represents the difference between the 14 C age of sea water and that of the contemporary atmosphere. This value R is typically around 400 years, and is further complimented by a local correction, termed R (Reimer and Reimer, 2001; Stuiver and Braziunas, 1993) . This local value is obtained by comparison of the radiocarbon age of a marine sample with that of the atmosphere, but is limited to samples obtained before AD 1955, after which global 14 C levels increased due to nuclear bomb testing (Druffel and Linick, 1978) . Although a number of pre-nuclear dated mollusks exist for the western Arctic (McNeely et al., 2006) , these data are sparse and entirely limited to Alaskan coastal sites (Fig. 1) . The only way to reconstruct values of the local reservoir age offset in the past is by obtaining absolute ages for specific horizons which can be compared to their measured radiocarbon age.
Another method used for dating sediment cores from the Arctic Ocean is the measurement of paleomagnetic secular variation, which relies on the movement of the Earth's north magnetic pole through time and its signature as remanent magnetization in sediments (Nowaczyk et al., 2001; StOnge and Stoner, 2011) . Although this is a promising technique applied successfully to high-temporal resolution sediment cores from the western Arctic Ocean (Barletta et al., 2008; Lisé-Pronovost et al., 2009 ), low sediment accumulation rates across much of the central Arctic (Backman et al., 2004; Jakobsson et al., 2014) preclude the use of paleosecular variation as a dating tool. Furthermore, there is a longstanding problem associated with the interpretation of paleo- Figure 1 . Map of study area and all sites mentioned in this study. Colors of markers -red: sites with Aniakchak CFE II tephra; blue: sites with modern R data; white: marine sediment cores mentioned in the discussion; green: Core 2PC, subject of this study. Full core names with prefix in parentheses and references for site locations: (HLY0501-) 5JPC, (HLY0205-) 16JPC, (HLY0501-) 08JPC ), (ARA2B-) 1A/1B, (PS272/) 350-2 (Stein et al., 2017) , and (HLY0204-) 10JPC, (HLY0204-) 01GGC/02JPC, (HLY0205-) GGC19 (Keigwin et al., 2006) . Other abbreviations: HC (Herald Canyon), WI (Wrangel Island), BC (Barrow Canyon), HV (Hope Valley), and BS (Bering Strait). Ocean bathymetry and land topography are from the General Bathymetric Chart of the Oceans, GEBCO (Weatherall et al., 2015) , and the International Bathymetric Chart of the Arctic Ocean, IBCAO (Jakobsson et al., 2012) . magnetic records in the Arctic Ocean, in which rapid and frequent reversals in polarity do not seem to be correlated with known geomagnetic excursions or Chron boundaries (Backman et al., 2004; Channell and Xuan, 2009; Jakobsson et al., 2000; O'Regan et al., 2008) .
Tephrochronology is a widely applied method that relies on the presence of volcanic ash that can be used for absolute dating (Lowe, 2011) . Depending on the magnitude of a volcanic eruption and the chemical composition of its tephra deposits, ash layers can be used to correlate marine, terrestrial and ice-core records across thousands of kilometers. Reports of tephra in Arctic Ocean sediments are very scarce and consist of a study from the Fram Strait (Zamelczyk et al., 2012) and preliminary findings of tephra in the Chukchi Sea (Ponomareva et al., 2014) . The aim of this study is to obtain an estimate of the local radiocarbon reservoir offset in the Chukchi Sea during the late Holocene. A marine sediment core from Herald Canyon with high sediment accumulation rates is used for this purpose by combining accelerator mass spectrometry (AMS) radiocarbon dates on mollusks from 14 different depths with the Aniakchak tephra of approximately 3600 cal yr BP as an absolute age marker. (Bacon et al., 2014; Neal et al., 2000) . The oldest of the two large postglacial explosive eruptions is known as Aniakchak CFE I and is not accurately dated, but occurred between 9500 and 7000 years ago (Bacon et al., 2014; Miller and Smith, 1987) . The second large eruption, known as Aniakchak CFE II, which is the subject of this study, occurred around 3600 years ago and formed a 1 km deep and 10 km wide caldera (Miller and Smith, 1987) . On a global scale this eruption was one of the largest during the Holocene, ejecting over 50 km 3 of volcanoclastic material (Begét et al., 1992; Blackford et al., 2014) . The resulting ash occurs as a visible sediment layer in large areas over northwestern Alaska (Begét et al., 1992; Blackford et al., 2014; Kaufman et al., 2012; Riehle et al., 1987) and as cryptotephra in the Mt. Logan Prospector-Russell Col ice core (Zdanowicz et al., 2014 ), Nordan's Pond bog in Newfoundland (Pyne-O'Donnell et al., 2012) , and Greenland ice cores (Abbott and Davies, 2012; Coulter et al., 2012; Pearce et al., 2004) (Fig. 1) . Preliminary data also indicate its presence in a marine sediment core from the Chukchi Sea margin (Ponomareva et al., 2014) . Since the ash occurs at many sites, estimates for its age have been obtained using different methods. The precise age of the Aniakchak CFE II eruption, however, is currently the subject of debate (Bacon et al., 2014; Blackford et al., 2014; Davies et al., 2016; Kaufman et al., 2012; Pearce et al., 2004) . A recent review (Davies et al., 2016) concluded that the age of the event, based on all available radiocarbon dates, does not agree with the age obtained from the Greenland ice cores, where the age appears to be too old by several decades. Here we argue that the radiocarbon dates from the Alaskan lakes are in fact compatible with the icecore ages, when taking into account recent work that quantifies a possible offset between the IntCal13 radiocarbon timescale and the GICC05 ice-core timescale (Adolphi and Muscheler, 2016; Muscheler et al., 2014) . Based on Adolphi and Muscheler (2016) , the difference between the Greenland ice-core chronology and the radiocarbon calibration curve, expressed as IntCal13 − GICC05, equals −19 ± 3 years at 3600 cal yr BP. When taking the age of the eruption from the GRIP ice core as 3591 ± 3 cal yr BP (reported as 3641 ± 3 a b2k; Abbott and Davies, 2012) , and incorporating the offset in timescale, the age becomes 3572 ± 4 cal yr BP on a timescale comparable with calibrated radiocarbon ages. This estimate of 3572 ± 4 cal yr BP is used in this study as the age of the Aniakchak CFE II ash layer. Davies et al. (2016) compiled all the available 14 C dates from the literature of sediment deposits containing the Aniakchak ash and critically assessed their reliability. Depending on which age constraints to include in the model, Davies et al. (2016) obtained age estimates for the Aniakchak CFE II ranging between 3300 and 3600 cal yr BP. A comparison of the 14 C dates from above and below the ash horizon selected by Davies et al. (2016) to the NGRIP age for the Aniakchak CFE II is listed in Table S1 and shown in Fig. S1 in the Supplement.
Study site
The Chukchi Sea is a marginal sea of the Arctic Ocean and covers the large shallow shelf bordered by Alaska to the east and the Chukotka Peninsula to the west (Fig. 1) . It is separated from the Pacific Ocean by the Bering Strait, stretches over ca. 620 000 km 2 and has an average water depth of 80 m (Jakobsson, 2002) . Sedimentation rates in this region are generally high and regularly exceed 150 cm kyr −1 ). The Chukchi Sea receives seasonally variable inflow of nutrient-rich waters of Pacific origin and is one of the most productive areas of the world ocean (Woodgate et al., 2005) . Several paleoceanographic studies exist from this region (Barletta et al., 2008; Darby et al., 2009; Farmer et al., 2011; Keigwin et al., 2006; Polyak et al., 2016; Stein et al., 2017) , but nearly all have focused on the eastern Chukchi Sea, off Alaska, simply because there are few sediment cores available from the western Chukchi Sea (Fig. 1) . The sediment core used in this study is from Herald Canyon in the western Chukchi Sea, east of Wrangel Island (Fig. 1) . Herald Canyon connects with the 50 m deep Bering Strait through a shallow bathymetric channel. The canyon begins to take a distinct form east of Wrangel Island and becomes more bathymetrically pronounced northward towards the continental shelf edge. It widens and loses the bathymetric expression at about 140 km before the northern shelf edge of the Chukchi Sea (Fig. 1) . Herald Canyon hosts one of the main branches of Pacific waters traversing the Chukchi Shelf from the Bering Strait towards the Arctic Ocean shelf edge and its deeper basins (Pickart et al., 2010; Woodgate et al., 2005) . The dominance of Pacific waters in this relatively shallow environment should be reflected in the local marine radiocarbon reservoir age, which is high ( R > 400 years) in the north Pacific (Dumond and Griffin, 2002; Kuzmin et al., 2007) . Few measurements of the reservoir age offset exist and those that do are entirely focused along the Alaskan coast in the Chukchi Sea (Fig. 1) . Based on analyses of 11 bivalves clustered in three sites (Port Clarence/Teller, Wainwright, and Point Barrow; Fig. 1 ), an average value of R = 468 ± 95 was calculated for the eastern Chukchi Sea (McNeely et al., 2006; Reimer and Reimer, 2001) . No data exist for the central or western Chukchi Sea.
Materials and methods
All results presented in this study are based on lithological, geochemical and microscopic analysis of samples from a single sediment core in the western Chukchi Sea. Table 1 . Radiocarbon date list for core SWERUS-L2-2-PC1. All dates are calibrated using the Marine13 calibration curve (Reimer et al., 2013) . The top two dates are reported in percent modern carbon (pMC) rather than years. BP: before present (AD 1950 
Coring
Core SWERUS-L2-2-PC1 (hereafter 2PC) is an 824 cm long piston core taken from 57 m water depth at 72.52 • N 175.32 • W in the Chukchi Sea (Fig. 1) . The core was collected in August 2014 from R/V Oden during leg 2 of the SWERUS-C3 expedition in the Arctic Ocean from Barrow (Alaska, USA) to Tromsø (Norway). The core site lies in Herald Canyon, 150 km northeast of Wrangel Island. The accompanying trigger weight core was retrieved empty. The sediment core was split lengthwise and described on board and later stored at 4 • C at the Department of Geological Sciences, Stockholm University.
Radiocarbon chronology
Accelerator mass spectrometry (AMS) radiocarbon measurements were made on mollusks from 14 different depths in Core 2PC (Table 1) . From three samples, the mollusks were broken in half and sent to different radiocarbon laboratories to ensure reproducibility. This resulted in a total of 17 AMS measurements and 14 effectively dated horizons in the core (Table 1) . Radiocarbon dates were converted to calendar ages using the Marine13 calibration (Reimer et al., 2013) and the Oxcal 4.2 program (Bronk Ramsey, 2008 , 2009 . Initially a value of R = 400 ± 400 years was used for calibration because of the largely unknown marine radiocarbon reservoir age at the coring site. This approach resulted in an age-depth relationship with large uncertainties. However, this age model provided a first indication of the depth interval which should be studied in detail in order to find cryptotephra from the Aniakchak CFE II eruption. After identification of a tephra horizon, this information was fed back into the age-depth model, resulting in an estimate of R with much higher precision. Subsequently, the improved R estimate was used to construct the final radiocarbon age-depth model for Core 2PC.
Tephra quantification
Tephra concentrations in Core 2PC were determined between 546 cm and the bottom of the core at 824 cm, specifically to target the Aniakchak CFE II eruption. This depth interval was chosen to ensure that sediments with an approximate age of 3600 cal yr BP were included in the analysis, as well as older samples to quantify any possible background levels of tephra shards. A series of consecutive cuboid 50 mm × 5 mm × 5 mm samples were taken continuously between 546 and 824 cm from the working half of the core. This amounted to 56 samples that were freezedried and weighed before sieving and preparation following the methods described in Turney (1998) . The samples were sieved through a 25 µm mesh, after which the fraction having a density range between 2.3 and 2.5 g cm −3 was isolated using repeated steps of centrifuging with sodium polytungstate heavy liquid. Tablets with known concentrations of Lycopodium spores were added to the remaining fraction together with a drop of hydrochloric acid solution to dissolve the tablet matrix. Finally, the material was mounted on microscope cover glasses using Canada balsam. Using a transmitted light microscope at 400 × magnification, tephra particles were manually counted together with Lycopodium spores until 300 spores were counted per sample. The concentration of tephra shards was then calculated as shards per gram dry sediment, using the known concentration of Lycopodium spores, the ratio of shards to spores and the dry weight of the original sample.
Major element geochemistry
The major elemental composition of tephra shards was determined using an electron probe microanalyzer (EPMA) on selected samples. Material from four different depths (Fig. 2 , Table 2 ) was mounted in epoxy on thin section slides, polished and coated with carbon prior to analysis. The measurements were made on a JXA-8530F JEOL Superprobe at Uppsala University using a 15 kV, 4 nA beam of 10 µm diameter. Glass standards reported in Jochum et al. (2006) were analyzed for calibration and validation of the EPMA measurements and are listed in (Tables 2 and S3 in the Supplement, Fig. 3 ). All measurements with total oxide percentages over 94 % were included, and were normalized to 100 % (Table 2, Fig. 3) 
Grain size analysis
Analysis of grain size distribution was performed on a specific interval in the lower part of Core 2PC, based on the obtained profile of tephra concentrations. The aim was to investigate a possible relationship between grain size distribution and tephra abundances by selecting an interval with both high and low concentrations of volcanic shards. Between 646 and 747 cm depth, grain size distributions from 2 µm to 2 mm were measured on 86 bulk samples using a Malvern Mastersizer 3000 laser diffraction particle size analyzer at the Department of Geological Sciences, Stockholm University. Sampling resolution was 1 cm between 646 and 715 cm and 2 cm between 715 and 747 cm. Before analysis, samples were treated with a sodium hexametaphosphate solution (< 10 %) as dispersing agent and submerged in an ultrasonic bath to ensure full disaggregation of the particles.
Calculation of the regional radiocarbon reservoir correction
The combination of an absolute age marker from a volcanic eruption and radiocarbon age estimate is used to calculate the radiocarbon marine reservoir age. If the radiocarbon age estimate for the volcanic horizon is too old compared to the absolute age of eruption, a positive R correction is needed, and vice versa. Based on the tephra concentrations in Core 2PC, the most likely depth or depth range for the eruption was determined. This depth of the isochron marker is placed at the first major increase of tephra concentrations above background levels, while taking into account bioturbation as a potential mechanism for transporting tephra shards downcore (Griggs et al., 2015; Lowe, 2011) . The isochron depth was subsequently assigned an absolute age 3572 ± 4 cal yr BP in the Oxcal age-depth model. By combining this age marker with the radiocarbon dates, the regional radiocarbon reservoir age R was calculated by narrowing down the uncertainties on the prior estimate of this value. Figure 3. Major oxides compositions of tephra shards in core 2PC from the samples listed in Table 2 , compared to data from the literature. All values are percentages, normalized to 100 %.
Results

Radiocarbon
The 14 AMS radiocarbon measurements do not contain any reversals or obvious outliers, and indicate a continuous sequence of nearly constant sediment accumulation rate (Table 1). The ages of duplicate measurements from different facilities on split mollusks (at 233.0, 646.5, and 760.5 cm) returned fully consistent results within 1 standard deviation of error. The duplicate measurements from those samples were combined to slightly reduce the associated uncertainties of the obtained radiocarbon ages (Table 1 ). The two topmost samples contain radiocarbon content higher than "modern", indicating deposition after the onset of thermonuclear bomb testing during the 1950s. The radiocarbon analyses indicate that Core 2PC represents just over 4000 years of deposition with an average sediment accumulation rate of about 194 cm kyr −1 .
Tephra abundance and composition
Tephra was not observed through visual inspection or from smear slides of bulk sediment. Observations and quantifications of tephra, as described below, were based on microscopic studies of samples after sieving and density separation. Tephra shards observed in Core 2PC range in size from the minimum sieve size of 25 up to 340 µm, with the majority around 80 µm in diameter. Shards are platy, clear, sometimes fluted, and with occasional crystal inclusions (Fig. 2) . Tephra shards were present in all studied samples, although at widely varying concentrations. Counts varied from 2 to 1400 shards/300 Lycopodium spores, resulting in equivalent concentrations from 174 to 75 000 shards per gram dry sediment (Fig. 2) . Further upcore, tephra concentrations start low and vary around what is considered background levels until 711.5 cm. Thereafter, concentrations increase sharply in a very broad (> 1 m) peak, centered around 660 cm. In the uppermost 50 cm of the investigated section (546-600 cm), concentrations fluctuate widely between background levels and peak maxima. The elemental oxide composition of the shards measured by EPMA is listed in Table 2 and shown in Fig. 3 . All results from the four different depths show virtually identical geochemistry, which would indicate a common volcanic source for all measured ash shards (Fig. 3) .
Grain size distribution
The grain size distribution is relatively constant throughout the investigated interval (646-747 cm) (Fig. 4) . The distribution is dominated by the silt size fraction (2-63 µm), which accounts for 84-87 % of the grains in all 86 measured samples. The percentage of the clay fraction (< 2 µm) varies be- tween 7 and 14 %, whereas sand (> 63 µm) varies between 0.8 and 4 % of the total grain size distribution. The size fractions of fine, medium and coarse sand are shown separately in Fig. 4 with the aim to identify possible presence of ice-rafted debris (IRD). Concentrations of shards larger than 125 µm are low (< 1 %) but appear to correlate with tephra concentrations, where tephra abundance maxima coincide with small increases in the presence of coarser-grained clasts (Fig. 4) .
Discussion
Identification of the Aniakchak tephra
The geochemistry of the tephra shards in Core 2PC shows an excellent agreement with that of other, more proximal, deposits of the Aniakchak CFE II eruption. A comparison between all major oxide concentrations and those of the rhyolitic, high-Si fraction of Aniakchak layers from several sites in Alaska (Fig. 1) is presented in Fig. 3 . The SiO 2 concentrations are towards the higher values (approximately 71.0-72.5 %), but still well within the range of the other datasets (approximately 70.0-72.5 %), and could potentially be explained by the different microprobes used in the individual studies. The reference data are from sediments of multiple lakes in the Ahklun Mountains (Kaufman et al., 2012) , sediments of Zagoskin Lake on St. Michael Island (Davies et al., 2016) , and an exposed peat section on the Seward Peninsula (Blackford et al., 2014) . These sites all lie north to northeast of the Aniakchak volcano at distances of approximately 300, 760, and 1100 km, respectively, and all contain visible ash layers associated with the Aniakchak CFE II eruption. The thickness of the visible tephra beds decreases with distance from the source from more than 1 m of ash in lakes of the Ahklun Mountains (Kaufman et al., 2012) to 4-5 mm in the Seward Peninsula peat section (Blackford et al., 2014) . Core Table 2 . Major element geochemistry of tephra shards in core 2PC measured by EPMA. For each depth, the concentrations are averages of 10 individual shard measurements. All values are in percentages and normalized to sum to 100 %. The complete dataset with all individual measurements is in Table S3 4.58 ± 0.47 71.58 ± 0.17 15.26 ± 0.22 0.55 ± 0.04 3.07 ± 0.12 1.82 ± 0.07 0.46 ± 0.05 0.11 ± 0.05 2.43 ± 0.12 0.14 ± 0.05 Mean of all samples 4.74 ± 0.30 71.97 ± 0.34 15.01 ± 0.24 0.53 ± 0.05 2.96 ± 0.11 1.74 ± 0.10 0.44 ± 0.04 0.10 ± 0.05 2.38 ± 0.13 0.14 ± 0.06 2PC in the Chukchi Sea lies in the extension of this line, approximately 1900 km from the proposed source ( Fig. 1) and is thus likely a distal trap for volcanic material from the large 3.6 ka eruption. This combination of matching geochemistry, geographic location and timing based on radiocarbon dates provides support for the identification of the Aniakchak CFE II tephra in Core 2PC. Although several smaller eruptions of the Aniakchak occurred in the Holocene (Bacon et al., 2014; Neal et al., 2000) , they have not been associated with any tephra deposits. Kaufman et al. (2012) also identified a tephra layer of identical geochemistry at 3.1 cal kyr BP, but they could not establish whether this was a separate eruption or the result of widespread reworking of the earlier deposited tephra. Based on the data from marine Core 2PC, which shows continuous variable tephra deposition rather than a distinct second peak (Fig. 2) , it is not possible to confirm the validity of these two options for the 3.1 kyr BP tephra.
Determination of the isochron depth
When studying tephra deposits in sediments, one of the major challenges is to identify the isochron depth, i.e. the sediment layer corresponding to the timing of the volcanic eruption. This is especially true in marine environments where secondary processes can play a major role in redistributing sediments and obscuring the original signals (Griggs et al., 2015; Lowe, 2011) . In an idealized setting, tephra particles are deposited after a volcanic eruption and rapidly buried and preserved, resulting in a clean marker horizon where the bottom contact is isochronous to the onset of the eruption. In reality, the tephra layer is often affected by bioturbation, which redistributes the tephra in the sediment column, as well as secondary transport mechanisms which can produce a delayed signal (Davies et al., 2010; Lowe, 2011) . Despite these processes which broaden the tephra distribution, the primary direct deposition of tephra may remain to be the dominating input mechanism and would result in a peak concentration at the isochron depth (Lowe, 2011) . If, however, the reworked signal dominates over the primary deposition, the peak tephra concentration may significantly lag the actual time of eruption.
Tephra was found in all studied samples of Core 2PC, which indicates that secondary processes should definitely be taken into consideration when interpreting the signal. Although the presence of tephra is continuous, there is significant variability in the actual concentrations and a clear background signal preceding the increase associated with the Aniakchak CFE II eruption. The highest peak of the tephra distribution in Core 2PC occurs at 653.5 cm depth (Fig. 2) , which is 58 cm above the first major increase in tephra concentration above background levels at 711.5 cm. The depth of the mean mixed layer has not been determined in Core 2PC, but other studies in the region observed mixing depths of 5-10 cm on the Chukchi Shelf (Baskaran and Naidu, 1995; Clough et al., 1997; McKay et al., 2008) . These values are well above the average maximum mixing depth of approximately 3 cm in the Arctic Ocean (Clough et al., 1997) , and thus indicate that bioturbation may play a significant role in this environment. In Core 2PC, however, no visible traces of bioturbation were observed during visual inspection. Furthermore, a theoretical mixing depth of maximum 10 cm would not be able to explain an offset of 58 cm between the depths of first occurrence and peak tephra concentration. Since a downward redistribution of this magnitude caused by bioturbation is thus not possible in this environment, we argue that the deepest occurrence is the most likely depth for the eruption isochron. Our placement of the isochron is thus based on the principle of first shard occurrence, although some mixing by bioturbation can not be ruled out entirely. To determine the uncertainty associated with our calculated reservoir age, we include a maximum mixing range of 15 cm. When assuming a maximum bioturbation depth estimate of 15 cm, this results in a depth range of the isochron from 711.5 to 696.5 cm (Fig. 2) .
This interpretation thus also implies that the majority of tephra shards must have been delivered to the core site after the eruption by secondary processes, i.e. reworking of primary tephra deposits. The main transport mechanisms for this region are suspended and bed load transport by currents and sea-ice transport, either by suspension freezing or anchor ice formation . Grain size analysis can be useful in marine tephrochronology since anomalous patterns may be indicative of reworked sediments (Lowe, 2011) . The grain size distribution in samples from Core 2PC shows that peaks of tephra concentration correspond to intervals with increased input of coarse material (Fig. 4) . Despite the small concentrations of the coarser grain fractions, this correlation is a clear indicator of ice rafting during these intervals. This mechanism to transport tephra from distal primary deposits to the core site may explain the elevated tephra concentrations during these intervals.
Although similar lags between volcanic eruptions and tephra burial in sediments caused by secondary processes such as ice transport have been found in other studies from different regions (Austin et al., 1995; Brendryen et al., 2010; Lowe, 2011) , our findings are the first report of geochemically identical tephra shards in more than 1 m of marine sediment. On the Hebridean Shelf off NW Scotland, Austin et al. (1995) placed the isochron depth for the Vedde ash layer at its first occurrence and argued for continuous reworking of larger-grained materials, explaining the peak ash concentration 20 cm higher in the core. With high sedimentation rates on the order of 1 cm yr −1 , however, this offset corresponded to only a few decades of temporal lag (Austin et al., 1995) . A much larger difference was found by Brendryen et al. (2010) , who observed an offset caused by iceberg rafting of several centuries between the eruption of volcanoes on Iceland and Jan Mayen and deposition of their tephra in the Norwegian Sea.
Local radiocarbon reservoir age
The offset between the age based on the radiocarbon age model and the absolute age of the volcanic eruption can be used to determine the reservoir age correction at the isochron depth (Ascough et al., 2005; Eiríksson et al., 2004; Olsen et al., 2014) . Here, the volcanic age marker of 3572 ± 4 cal yr BP is added into the radiocarbon-based chronology using the Bayesian age-depth modeling software Oxcal 4.2 (Bronk Ramsey, 2009). The model includes a large uncertainty for the prior estimate of R (= 400±400 years), and, depending on the selected isochron depth and surrounding radiocarbon dates, the improved estimate for the local reservoir age offset will be the posterior probability of the R value. This procedure is completed for two different possible Aniakchak isochron depths: the maximum depth, 711.5 cm, and the minimum depth, 696.5 cm, based on the maximum bioturbation estimate (Fig. 5) . This backward modeling of the reservoir age resulted in posterior probability values of R = 512±25 years and R = 441±24 years, for the maximum and minimum isochron depths, respectively (Fig. 5) . The maximum estimate for the mixing depth of 15 cm is less likely compared to shallower mixing, and therefore the probability distribution of the obtained R will not be entirely symmetrical. However, to comply with conventional reporting of the radiocarbon reservoir age, the average value for the reservoir age is taken with an uncertainty to cover both extremes. The final estimate for the radiocarbon reservoir age offset at our core site, based on the presence of the Aniakchak CFE II tephra, is thus R = 477 ± 60 years. This value represents the reservoir age at the time of the eruption and is not necessarily constant throughout the entire late Holocene. The calculated value, however, matches very well with the limited modern data available from mollusks collected before atmospheric radiocarbon contamination by testing of nuclear bombs in the 1950s (Druffel and Linick, 1978) . A total of 11 such samples exist from the region, all from coastal Alaska: 4 offshore of Point Barrow, 3 south of Wainwright, and 4 just outside Teller on the other side of the Bering Strait (Fig. 1) , with an average value of 468 ± 95 years (McNeely et al., 2006; Reimer and Reimer, 2001) . These relatively high values of the reservoir age in this region both at present and earlier in the Holocene can be explained by the strong influence of Pacific water, which typically has an old radiocarbon content (McNeely et al., 2006; Ohkushi et al., 2007) .
Chronology of Core SWERUS-L2-2-PC1
Since the depth of the tephra isochron is not precisely determined, but rather represented as a depth range, it is not Figure 6 . Final age-depth relationship (a) and sedimentation rates (b) of Core 2PC based on 17 radiocarbon dates (values in Table 1), using a R = 477 ± 60 years. In (a), the red line shows the median age and the dark-and light-blue shading show the 1σ and 2σ age ranges, respectively. possible to include the absolute age marker with its associated low uncertainty directly into the age model. The final age model is therefore constructed based solely on radiocarbon dates and includes the Aniakchak CFE II indirectly by using a R value calculated based on the possible depth range of the isochron. All radiocarbon dates are calibrated with R = 477 ± 60 years (Table 1 ) and the resulting age model is shown in Fig. 6 . The topmost radiocarbon dates indicate a core top age estimate of AD 1995 ± 15 years and thus minimal loss of top sediments during piston coring. The age estimate at the bottom of the core (824 cm) is 4250 ± 115 cal yr BP, based on extrapolation below the deepest date at 760 cm (Fig. 6 ). Sediment accumulation rates are around 200 cm kyr −1 for the oldest half of the core, after which they drop to approximately 100 cm kyr −1 be-tween 2000 and 1200 cal yr BP. From there, a gradual increase again culminates in the highest sedimentation rates of 300 cm kyr −1 during the most recent ca. 700 years (Fig. 6) . In other sites of the Chukchi Sea, similar high sedimentation rates have been observed from the early Holocene and deglaciation, but rates typically decreased significantly during the late Holocene Keigwin et al., 2006; Polyak et al., 2016) . For the last 4000 years, Keigwin et al. (2006) reported sedimentation rates around 50 cm kyr −1 in Core 19GGC near Barrow Canyon but about an order of magnitude lower rates in Core 10JPC from the central Chukchi Shelf and cores 01GGC and 02JPC from Hope Valley (Fig. 1 ). Other sedimentation rates for sites near Barrow Canyon reported by Darby et al. (2009) are 37 cm kyr −1 in Core JPC8, 160 cm kyr −1 in Core JPC5, and up to 250 cm kyr −1 in Core JPC16 (Fig. 1) .
Concluding remarks
Core SWERUS-L2-2-PC1 (2PC) from Herald Canyon in the Chukchi Sea contains a continuous sequence deposited at high sediment accumulation rates over the last 4250 years and has the potential to be used for studying late Holocene climate and ocean variability at decadal resolution in a region where no such data exist. The results presented here focus on a single volcanic eruption, the 3.6 ka Aniakchak CFE II, in a single sediment core in the Chukchi Sea and therefore much work can be done to expand on this study. The upper half of the core contains potentially more volcanic age markers, although the tephra signal becomes more complex to interpret due to reworking of older eruptions. The earlier caldera-forming eruption of the Aniakchak volcano during the early Holocene, Aniakchak CFE I, may also be found in other records which extend further back in time. Based on our findings in Core 2PC and the geographic spread of the Aniakchak CFE II on land, this ash should also be present in other marine records of the Chukchi and Beaufort seas. If identified in other marine sediments from the region, the ash layer can be used as an age-equivalent marker between those sites and will greatly reduce the errors of their associated chronologies. Based on the presence of the Aniakchak CFE II tephra, the radiocarbon reservoir age R at our site is calculated to be 477 ± 60 years, nearly identical to the best estimate of the present-day value for the wider region. This might be interpreted as an indication of a generally constant reservoir age in the Chukchi Sea throughout the second half of the Holocene. However, no data exist between 3600 cal yr BP and recent and so more absolute age markers would be necessary to strengthen this claim.
Data availability. All data presented in this manuscript can be found in the Supplement and will also be made available online through the Bolin Centre Database at http://bolin.su.se/data.
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